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In a previous report (DSN Progress Report 42-40), the resulis of the first series of
radiv frequeney interference tests and an empirvical welemerry bit SNR degradation model
derived for a fixed relemerry data rare and a fived relemerry data power were presented.

In this report, Part 1, the resules of a sccond series of radio frequency interference
rests and the derived telemetry bit SNR degradation model, which includes the relemetry
data rare and the relemetry data power as independent variables for characterizing the
continuous wave interference effects onctelemetry data, are presented. This gencralized
telemerry bit SR degradation model has been implemented in the second version of the

Deep Space Interference Prediction software,

l. Introduction

As part of an ongoing etTort to investigate radio frequency
interference (RED) effeets on Deep Space Network (DSN)
spacecraft telecommunication signals, a series off RFL tests
was formulated and conducted with standard Deep Space
Station (DSS) equipment to investigate continnous wave (CW)
interference effects on telemetry data in 1970, In analyzing
the effects, the CW interference was treated as an extrancous
noise. Empirical telemetry bit signal-to-neise ratio (SNR)
degradation and drop-lock models were then developed based
on test data and certain physical characteristics of the telem.
etry data processing systen. These tests and resulting models,
which were deseribed in g previous report (Ret 1), however,
were strictly for a telemetry data rate of 72000 bps and o
telemetry data power of about = 1405 dBm. To turther under.
stand the CWointerference effect on telemetry data as o fune.
tion of the telemetry data rate and the telemetry data power,
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a second series of REL tests was conducted at the Goldstone
Deep Space Station (DSS 11 This report describes these
tests and  the new telemetry bit SNR - degradation madel
derived.

Il. Telemetry Interference Test
A. Test Objectives

The test objectives were (1) to characterize the telemetny
bit SNR degradation as a function of the telemetry data e
and the telemetry data power in the presence of a CWinter
fering signal, (2 1o integrate the results into the previoush
devefoped telemetry bit SNR degradation model (Ret 1) 1o
form a generalized telemetry bit SNR degradation madel, and
(3) 1o investigate the CW interference effiect on the higheorder
telentetry subearrier harmonics.



B. Test Configuration

A block diggrim of the test configuration is shown in
Fig. 1. The carrier tracking and telemetry data processing sys-
tem is the standard DSS equipment. The Simulation Conver.
sion Assembly (SCA)Y was used to generate two binary data
streams; cach data stream bi-phasc-modulated a squarewave
subcuarricr, The two composite (data plus subcarrier) signals
are then mixed and used to phase-modulate a comtinuous wave
carrier. Operations support software was used in the Telemetry
and Conmmand Processor (TCP) to provide the telemetry data
SNR statistics.

The desired downlink signal used for the test was 2 typical
Viking spacecraft dual-subearrier downlink signal, However,
only the effects on the high-rate subcarricr were investigated.
Table 1| sumunarizes the exact desired downlink  signal
configuration,

C. Test Cases

Seventy-cight RFI cases were tested. They may be cate-
gorized into three different sets:

(1) Telemetry data power variant: The CW signal was
placed 1.2 1z away (rom the upper telemetry sub.
carrier. The telemetry data rate was set at 2000 bps.
The telemetry data power was set to three different
levels: for cach data power level, the telemetry data
SNR degradation was measured at sclected CW signal
levels.

(2) Telemetry data rate variant: The CW signal was placed
1.2 Hz away from the upper telemetry subcearrier. The
telemetry data was set to four different data rates; for
cach telemetry data rate, the telemetry data SNR
degradation was measured at selected CW signal levels,

(3) CW interfering signal's effect on high-order (through
the 27th) telemetry subcarrier harmonics: The telem.
etry signal level and datu rate were fixed at -140.9
dBm and 2000 bps. respectively. The CW signal was
placed coincident with cach of the telemetry sub-
carrier harmonics one  through  twenty-seven  (odd
numbered harmonic only): tor each case, the telemetry
data SNR degradation was measured.

Tables 2 through 4 summuarize the test cases performed.

lil. Bit Signal-to-Noise Ratio
Degradation Analysis

A. Summary of Previous Bit SNR Degradation Model

In a previous report (Ret. 1), a telemetry bit SNR degrada.
tion model for a fixed data rate of 2000 bps and a fixed

telemetry dati power of - 140.5 dBm (composite mveaged in
the presence of o CW ointerfering signal was presented. In
devetoping the model, the CW interfering sigmad was treated
as an extraneous noise. Using the basic detinition of receised
bit SNR:

SNR, = 1010 (II:'],\")
and
SNR,, = 101log _Iolu
IR A7 ot IR }
where:

SNR, = received bit SNR when RETis not present

SNR,,. = received bit SNR when RELis present
P, = total high-rate data power

T, = bit (symbol) time (1/BR)

Boltzmann's constant

T. = effective svstem noise temperature when REY
is not present
increased system noise temperature induced by

the CW interfering signal,

Then, defining the received bit SNR degradation as:
ASNR, = SVR, - .\.\I\‘IR

The mathematical expression of ASNR, was derived:

T

N

T+ T,
ASVR, = 1010 (‘ A)

Also, using the basic relationships: (See Fig. 2)

SNR,, = SNR, - L

and

SR

or = SVR - L

R
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where:

SVR, = SSADbit SNRwhen REFVis not present
.\“\’I\‘OR a2 SSA bit SNR when REFLis present
lg = Systemloss when RELis not present
L = Systemloss when RELis presemt

And, defining the SSA bit SNR degradation as:
ASVR, = SNR, - SR, .

the nmathematical tunction off ASNVR,, was expressed as:

ASNR, = ASNR, - (L= L) 2

Having Lys. (1) and (2} established, the functional relation.
ship of the CW intertering signal and the increased system
noise temperature it induces tor the case of the CW signal
coincident with the telemetry  subcarrier wias  empirically
derived from the test data (ASVR ) The result was (NOTLE:
Lo and Lgp were obtained tfrom the Telemetry Analysis
Program): '

v
‘ O3y T
r, - [(10““ R )
AJ.I.h' * 0
s e
8RR = 2K + (40) =305 ()
I'[) S -140.8 dim

where:

AS o = frequency separation between the CW interter-
ing signal and the telemetry subeirrier

Py = CWinterfering signal level (JBin)

Then, the telemetry bit SNR degradation characteristic
with the CW interfering signal at various frequency ottsets
from the subgearrier or subgearrier harmonics ttest data included
up to the 1ifth subearrier harmonic) was investigated. This was
done, first, by deriving the telemetry system’s magnitude
response function, which is:

h T"‘) : ( singa .\,I',m, '7",‘,1 ) -
n AT 7'"

nsye

na

LU AL, N = (
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tUxr harmonie is slso rererred toas subcarmen
Jierep = CWintertering signal frequency

Thus, the power response tunction of the telemetny sstem
tor any CW signal with power, /% would be.

I '[-'! ) : (\-in (=7, I'“‘i ) "

" = ')"un Il‘

’ . Py »
', ! (! b(
Next, the following relationship (ratiod was formed

LSRR ( ! ) (s‘in(: s I'“?)"
raLoy e s AL r

N
" ", i

Expressing it in decibel format and reartunging tetms

P, A2 )= Pl 200ogon
H S

ERY)

MR 1 ’H

sintz Af, Ty
+ lOlog( N Il.)

Finally. this retationship was integrated into Foy. 63 along
with two adjustment factors (based on test duta) to torm g
generalized expression tor 77,

- - AR T
T lok  :n. = 1h )
il'l) e 408 dim gL )
H + (40 RN (B
y = p - o« (Y " ¥]
Ppo= Ly - 099 2 (20 Jogan) #4000

.
.

sin (A-’;..n' (/";‘-' ”

M (pge)

¢ 10 l\‘}'. !



where

\ .,

IR |/’"

i number of the sibeartier harmonte which the W
imterfening vignal 1 afTecting.

T, Equ. (o0, 050, (1), and 12) formed the telemetry bt SNR
degradation model as presented tn Ref, 1,

8. Degradation as a Function of Telemetry Bit Rate
and Telemetry Data Power

In this patagraph, the telemetry bt SNR degradation el
as dewribed i the preceding paragraph i to be gencralized 1o
pnchude the telemetry bit tate and the telemetty Jata pomet av
independent vartables, To do this, an enpinical approacts b
used. The functional selationshiip of the telemetry bt SNR
degradation and the two telemetry parameters (it rate and
dita power) in the presence of the CW stetfenng wpnal t
detived tfrom the test data,

et ud first asstme that the effect of the CW intertering
signal on the tefemetry bit SNR §s dependent on the telemetry
it rate and the telemetry data power, Let us further assume
thant for 2 CW interfering signal with power, I, input into the
telemetry system, its relative eftect on the telemetry bit SNR
as 4 Tunetion of the telemetry bit rate and the telemetry data
power tay be expressed in terms of effective CW interfering
signal pawer in the form ot

Ry
'

I). = Il.

where:
Po=oeffective CW interfering signal power

n,or = coelticients to be determined from the test Jata,

Substituting the above relationship futo the telemetny
systent’s power response funetion (Fq, 41, an elTective power
respanse function of the telemetry system for any CW oapngl
with power I'is obtained:

PP BR AL,

(IH\')'_‘ ( I )
(I'”l‘ ne BR

i ( LA
S b /f/\'

a0

AT

hi .
LR

Conntining the HR tetma, and gapreaving the teoalt i Jeainel
format,

Pl HR.n &1, v * Pl ve S leg iy 30 teg am

w10 log K

whete w @ 2o g, e contTiaent tas be detereundd Lo thy
test data, Let 1), ¢ <1308 dlm, fiR © Jm e bl
LY . a0 Then,

ro- 14;).5. 000, 1,0 e e 140 S
¢ 20 log o= w10 dog 20001
Thus tin decibel format),
r, |I'n. BR.n, .\_r‘,m,l =P 140,85, 2000, 1. =
LR UL A 140.8) - 2Q log n

Sw 10 dop BRY ¢ w10 Jog 200t

un (-. A',,;;\;"-) :

o 10 hog
.
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e,
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Remember that Eq. (3) as described in the preceding para-
graph is based on the telemetry bit rate of 2000 bps. telemetry
data power of -140.5 dBm. and the interfering signal level
Prpy with Af o equal to zero. Thus, applying the above
relationship, Eq. (3) may be generalized as:

h ll\
vy 00421 P )" L
T, * [(IO"'" 1) +(40|-] -5 (D
£ = Py =200ogn =P )+ v (- 1340.5) - w (10 log BRY

A v ]
sin (.':----L'-’l
BR

Ay

nie

“"BR

¢ 1 (10 log 2000 + 10 log

From the test data, v oand w are best determined to be
0.1 and 089, gespectively. This, however, is done with the
tetention of the two adjustment factors (094 and 0.90),
which were mtreduced into gL to), Thus, r, becomes:

Ppoe Py - WOHC0lognd = (01 1NL,)1 410111 (- 140.5)

< (LS (1O log BRY ¢ (0.8 (10 log 20000

. ( -‘-’l...-) :
sin briid T
1oteg |- M.'"‘._

MR T

BR

LTV Y

Simphtyaing the above equation, then:

ry~ S WAND20logm - 0N EF,

’
K¥?

- SN 10 log BRY

s (: A.r"“‘) N

IV‘.
e [ 1010 R
L
BR
13l N

Egs. (7) and (8) may be further simphticd by letting

Py = I’I AR R AR Y

. . . . . . . LY . . N
Substituting this relationship into Egs. ¢7rand eX) and then
simplifving, the telemetry bit SNR degradation beconies.

Py = I’RH- 10.94) (20 logm =0t '

- (0.89) (10 log BR)Y

St} (- .’.'l'L' .
> Pre Y
BR
+ .t) oy s e e ()
(0.90) |10 log .\.’"h.
" TBR
b4 P .
T, = (10“’-"*‘ R 1e00) P s 10
R
T+ T,
ASAR, = 10 log (~ ) (h
s
ASAR, = ASNR, - gLy (2

Using this generalized model (Eqgs. (90 (100, (1 and (20,
ASVR, are caleulated and plotted against the rest data for
test cases 1 through o4 in Figs. 3and 4,

C. Interfering Signal's EHfect on High-Order
Telemetry Subcarrier Harmonics

The CW interfering signal’s effect on telemetry bit SNR
when the CW interfering signal is placed at various high-order
subcarrier hanmonics is to be investigated in this paragraph.
To do this. let us first examine the band-pass characteristic
of the telemetry channel of the receiver system used tor the
test.

The receiver svstem used tor the test is a double-heterodyne
phase-locked receiver svstem, The simplified tunctional block
diggram of the telemetry channel of the receiver system i
shown in Fig. 8. As can be scen in Fig. 3. the desired carrier
input to the receiver system is being down.converted in two
stages toa 10-MH2 IF signal, which is then fed into the Sub.
carrier Demodulator - Assembly tor carrier and subearnier
Jemodulation. The oversll normatized magnitude response of
this 10-MHz tF tefemetry channel of the receiver svstem is
shown in Fig. 0. Thus, the CW intertering signal (or any
entraneous signal) that passes through the receiver is subjected



to (1) the frequency down-conversion as is the desired carrier,
and (2) the corresponding signal level attenuation as charac.
terized by the normalized nuagnitude response (Fig. o). There-
fore, in evilusting the CW interfering signal’s effect on the
telemetry bit SNR when the CW intertering signal is at a high-
order subcarrier harmonic (or at any tfrequeney away from the
carcier), the CW signul level. Pp . in Equ (9 must be
accounted tor its attenuation due to the receiver’s magnitude
response as shown in Fig. o, Using Fig. 6 and the welemetry
bit SNR degadation model derived in the preceding para-
graph. ASVR, are caleulated and tabulated against the test
data for the test cases 08 through 78 in Table §,

The recciver’s normalized magnitude response curve, as
shown in Fig. 6. represents the nominal dosign character-
istics: the actual normalized magnitude response is not pre-
seatly available. Because of this and the fact that the nominal
design gormaliced magnitude response curve, as shown in
Fig. 6. covers only a relastively small frequency domain (about
9 Mil) the receiver’s normalized magnitude response fune-
tion is not presented in this report.

IV. Summary of Analysis Results

When a CW intertering signal is present in the DSS tracking
and telemetry data processing system, the telemetry bit SNR
is degraded. The telemetry bit SNR degradation as a function
of the CW interfering signal power. the frequency separation
between the CW interfering signal and the desired telemetry
subcarrier, and the effective system noise temperature of the
DSS tracking and telemetry data processing  system wus
madeled in the previous report (Ret. 1) In this report, the
telemetry bit SNR degradation was found to be also depen-
Jdent on the tefemetry bit rate and the telemetey data power.
The bit SNR degradation model was generatized to include all
these variables:

ASNR,, = ASNK, - - L)

T+ T
‘R = N
.).\.\.‘\I = ll)lo.L( Ts )
where
172
. V0421 P, :
e = (ot R G 00) L

r =1/

» - ) . N - H
R wry T OO0 o) wine,

- (0N 10 log BR)

+10.90) | 10 1og

When the CW ointerfering signad is signittcantly away tfron
(or not coincident with) the desired cutrier in frequency. the
etfective CW intertering signal  power is reduced. The reduc-
tion is Jue to the relative attenuation caused by the receiver’s
normalized magnitude response as shown in Fig. o. There:
fore, in caleulating the bit SNR degradution. the Py pp term in
the above bit SNR degradation model must be adjusted i
its signal level reduction with the corresponding attenuation
caused by the receiver's normalized magnitude response. fhe
receiver’s normalized magnitude response function was not
included in this analysis because of the fack of actual dats.

V. Conclusions

Based on the test Jata obuined from this series of €W
interterence tests, the telemetry bit SNR degradation model
previously developed (Ref. 1) was generalized toinclude the
telemetry data rate and the telemetry data power as indepen-
dent variables. Test results showed that the telemetry bit
SNR degradation is relatively more sensitive to the telemetry
data rate than the telemetry data power. The test results of
the CW interference effect on the high-order welemetry sub.
carrier harmonies revealed that when the CW intertiering signul
is away from the desired carrier in trequency. the etfective
imerfering power is reduced due to the receiver’s band-pass
characteristios (magnitude response). Thus, when using the
telemetry bit SNR degradation model, the CW intertering
signal power must be adjusted (reduced) accondingly with the
receiver’s Land-pass characteristic function. Because of the
lack of actual data. the recciver's band-pass characterisiie
function wis not derived in this analysis.

Additional tests and analvsis are needed 1o berter under-
stand the DSS equipment’s REL susceptibility. Some major
tasks will include:

(1) The receiver's band-pass characteristic tunction and s

inuge rejection capability.

(2) Effects on the telemetsy system for various Kinds of

interference spectrum,
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Table 1. Desired downlink signal contiguration

Carrier frequency ¢f )
Carri¢r power (/)

Hiph rate data

Subvarrier frequeney g

Data format

Bit rate 1 5K

Modulation indes

Data power II'D)
Low rate data

Subearrier frequency

Data format

Rit rate

Modulation indes

Data power

2293 148160 Mily,
See Tables 24

240 kH2
Uncoded

Sce Tables 23
66.84 degrees
Sev Tables 24

24k
Uncaded
330 3bps
1923 degeees

W =9 d8m

o

Table 2, Telemetry

data power variant test cases

£ dtim Py dBm BR. bps Iy.X Progep e
-141.8 -134.3 NULE 8.2 ~1683
' —tenn
1380
=130
=400
B EREL]
=140
' =137
v - v —1348
~141.8 -134.3 -130
~1481 -1309 -184.3
' ' ML
-1480
v v 1423
~148.1 RER UL -140.0
1380 -1478 -l6s.d
-levd
-1380
-1510
v v v * -1480
-1380 -td4°N NV 252 ~1do0

1 e W2
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Table J. Telemetry data rate varlant test cases

""rl:;:ﬂ I".. dBm I'D. din HR, bps TS' N Prageps 4B T N2
2 -157.8 -150.3 200 28.2 -165.0 Jo#Fyeq #122
N -160.8
X ~185.0 ;
2% ! ¢+ l -1520 ?
] -151.% -1%0.3 200 82 ~1510
27 -145.0 -131.8 4,000 256 -164.0
28 ! i -160.0
29 1 -157.0
30 ! -184.0
N ! -151.0
n i \ -148.0
n | ! -145.0
a3 ! -142.8
3s | -139.5
k1 v v v -137.%

Ry -1450 -137.8 4.000 -13%0
18 -138.0 ~-t308 20,000 1640
R I ~160.0
J0 ; -187.0
N ! -154.0
12 -131.0
43 X -1480
44 -135.0
48 . ) =420
16 | ; -139.0
a7 i ! -137.0
48 : ! -138.0
9 | | S1338
so i -131.3
81 v + ! l -129.8
82 -138.0 ~130.8 20,000 256 -121.8
AR A RIUA -123.3 R0.000 282 -168.0
$4 ] [ ! -160.0
AN . : -158%0
%6 5 -150.0
57 , 1360
N ; BEERL
L) i ‘ . I MY
60 i i -136.3%
6l ‘ -1340
62 ' b -131.8
63 l v l ¢ ~1280 v
] -1 —1233 80,000 282 R R P



Table 4. Test cases of CW Interfering signal coincident with
various telemetry subcarrier narmonlics

Test . . ) :
number FeodBim Py dlim BR. bps Tg.K Prpp dBm Sppr W2
68 -148.1 -0y 2.000 28.2 -140.0 et L
66 ! I ' -140.0 L% ML
67 ; | ! 1400 Jo * 805
68 i f ’ 1280 Jo* TNy
69 ' i ; —1280 Jo* 9xfyey
o : E -128.0 T Vg
7 : , . -1210 PR 17
' | : .
72 i i -121.0 Jot 18/
! 1 -
L& ! ; : -1 R R
M | : jf -1210 fo® 19NF
18 I : i 1210 L4 28
76 i | ~-1210 Jo* 23/,
77 ‘ l . ! -1210 Lo+ 2850,
78 -148.1 -140.9 2,000 25.2 -1210 Fo® 2180y
Table 5. ASNR, vs P, for CW interfering signal coincident
with various telemetry subcarrier harmonics
Subcartier CWinterfering signal v . -
. 4B ) PR Maeastred ASYAR,, (R Caleulated ANVR (B
harmonic Prep- dtim attenuation (Fig. 61 GIB) feasured ASYR .M et !
l =140 0 8.63 41
R 140 (UM 24 1.86
§ -140 04 078 (U
7 -128 0.8 4.08 4.4
Y =128 1.4 1.96 2.68
' -128 2.3 1.63 [
13 -1 .2 397 102
18 -1 4.1 RRJU 275
17 -121 sa 208 1.84
19 -1 6.1 192 124
M -1 1.3 1.26 (UGN
23 -1 8.4 0.2 (LR
28 -t 9.6 0.42 042
by -1 1o 0.2 (URY]
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Fig. 2. Simplified carrler tracking and telemetry processing system
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